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® A supperted metailocene-allumoxane catalyst for high pressure polymerization of olefins and a 
method of preparing and using the same. 



0 This invention relates to a process for prepanng a supported metallocene alumoxane catalyst for use in the 
high pressure polymerization of olefins. The invention particularly relates to the use of silica gel having a particle 
size less than 10 microns containing from about S to about 20 per cent by weight adsorbed water as the catalyst 
support materiai. It has been found that such silica gel may be safely added to an aluminum triaikyl solution to 
form by direct reaction with the adsort^ed water content of the silica gel catalyst support material the alumoxane 
component of the catalyst system. An alumoxane coated silica gel is formed to which a metaitocene may be 
added and the resulting material dried to free flowing powder. The dried free flowing powder may then be used 
as a catalyst for high pressure polymerization of olefins. 
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SUPPORTED METALLOCCNE-ALUMOXANE CATALYST FOR "'G"P«JSSU"E POLYMERIZATION OF 
OLEFINS AND A METHOD OF PREPARING AND USING THE SAME 

This .nvenfon relat s to a supported metallocene alumoxan catalyst and a method of ^t^^^^^ ^ 
using the same .n the high pressure polymerizat.on of olefins. The invention ^^^''^^^'^^'^^'''J^ 
supported metallocene-aiumoKan catalyst denved from a s.lica gel hav.ngan average ^^^J^ ^« 
than lOu and containing from aljout 8 to about 15 per c nt by we.ght adsort>ed water. Such s.l.ca gel may 
be added to an aluminum tnalkyl solution to form, by direct reaction with the adsorbed -^ter com^^^^^^^ 
s.lica gel catalyst support material, the alumoxane component of the catalyst system. A metallocene .^ay 
^Sfti added to the SLmoxane coated silica gel and the resulting matena. dned to ^^^'^^^^l^^ 
The dry free llowng powder having a particle s.ze less than lOa can be successfully fed through the 
catalyst feeding pump of reactors nomially employed for the polymenzation of olefins at high pressures. 



BACKGROUND OF THE INVENTION 

The prior art has long recognized the usefulness of catalyst systems comprising a '"«t^toc«n« 
aluminum alkyi in the polymerizatiort of olefir« at pressures lower than 20 bar. In me past decade catelv^ 
systems composing metallocenes such as bis-(cyclopentadienyl) titanium or zirconium *allc/»s and an 
aLminum alKyl/water cocatalyst component have been disclosed for P^'^^^^^^" '^^ 
example European Patent Application No. 0035242 discloses a gas phase polymenzafon process for 
p eZng ethylene and atactic'Vopylene polymers in the presence of a <=VC.opentad^Bny. jansiuon rne^ 
salt and an alumoxane. See further U.S. Patent No. 4.431.788 and German Patent No. 3.240.382. herein 

'""Stch' mlXene alumoxane catalysts exhibit high activity and efficiency for the PO'V-rization 
of Olefins, three factors have prohibited their commercial use as olefinic polymenzation catalysts under high 
p.essures^^te..per^^ ^^^^^^^ ^ ^^^^^^ ,^ , othermic' 

reaction ol^ium mum alkyi with water. Because of the extreme violerK:e of the "J^^J"'"""!;^ 
cocatalyst component has previously been separately prepared by one of two general "^^'^^^^^ °" 
method referred to as the 'wet solvent production method", extremely finely 

lorm Of a humid solvent, is added to a solution of aluminum alkyI m toluene or other ^^^l^^'''^^'^^ 
The production of an alumoxane by this process requires use of explosion^roof f iTJ'^i.SS 

conuol Of the reaction conditions in order to reduce potential fire and explosion ►'^a^d^. The s^^ 
method is often referred to as the "hydrated salt method". In this prcx:essjn 

with a hydrated satt. such as hydrated copper sulfate. A slurry of "nely dwKted copper ^^^^^'^''^^ 

and toluene is fom^ed and mantled under an inert gas. Aluminum alkyI .s then j° '/^^^^ 

with stirring and the reaction mixture is maintained at room temperature lor 24 to 48 

Slow hydrolysis occurs by which alumoxane is produced. Although the producton oi ^^^^ 

hydrated salt method significantly reduces the explosion and fire hazard inherent ^T^* J^^^^^^ 

production method, production of the alumoxane must nevertheless be earned out 

fs also Slow and produces hazardous wastes that create disposal problems. Further, before 

can be used for the production of an active catalyst complex the hydrated salt reagent 

?rom the alumoxane to prevent it from becoming entrained in the catalyst complex and thus contaminating 

any polymer produced therewith. . . „hich 

2 High Cost. Due to the hazard of producing alumoxane. the cost of alumoxane -s very high. wn«:n 

makes it less attractive for commercial application. hudrocarbon 

3 Toxicity of Alumoxane/ Aromatic Solution . Methylalumoxane .s more soluble m polar ^^^"^^ 
solvent sG^fTiTaFSmatic hydrocarbons. fSuJSP^is the most commonly used f ^«"V'°' ^"'"""rf^^^, 
presence of aromatic residues in polymer products is a health concern which mitigates against 
commercial application of alumoxane/toluene solutions in the olefin polymerization. 

EP 170059 discloses a polymerization process in which an organo-alummum component .s usea 
catalyst system by reacting silica or alumina support containing water at a water to solid ratio of 3_ ^ 
with an aluminum trialkyl. The support is introduced into a stirred liquid medium, water is ^''^^■J'^°^; 
,he aluminum tnalkyl is introduced. The reaction mixture is used directly for a slurry ^'^^^l^^^J^^^^ 

It would be most d sirabi to devise an economical procedure wh reoy a m 
catalyst useful for high temperature ano/or high pressure polym nzation procedures (not m iiquio meu 
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could be safely and economically produced. Desirably the catalyst should b on prepared without the 
necessity for usir^g an aromatic solvent and instead can be readily pr pared in non-toxic aJiphatic 
hydrocartKDn solvents such as isopentane. hexane, heptane, octane and the iik . 

5 

SUMMARY OF THE INVENTION 

This invention is drawn to a supported metallocene-aiumoxane catalyst complex for the polymerization 
of olefins under high pressures and temperatures. The complex utilizes as the catalyst support material 

;o silica particles havir^g an average particle size of less than lOu, a surface area in the range of about 10 
m^/g to about 0.5 700 m^/g, preferably about 100-500 m^/g and desirably about 200-400 m^/g, a pore 
volume of about 3 to atx>ut cc/g and preferably 2-1 cag, and an adsort>ed water content of from about 5 to 
about 20 weight per cerrt. preferably from about 8 to about 15 weight per cent. The silica gel supported 
metallocene aJumoxane catalyst can be economically and safely prepared by adding the urujehydrated 

IS silica gel to a stirred hydrocartx)n solution of aluminum trialkyi in an amount sufficient to provide a mole 
ratio of aluminum trialkyi to water of from about 0.5 to about 1.5, preferably 0.8 to about 1.2: thereafter 
adding to this stirred solution a metallocene in an amount sufficient to provide an aluminum to transitional 
• metal ratio of from about 1000 to 1. preferably from about 500 to 10, most preferably from about 100 to . 
atDout 20; removing the solvent and drying the solids to a free flowing powder. Drying can be obtained by 

20 . modest heating or vacuum. 

The dried free flowing powder comprises a metallocene alumoxane catalyst complex absort>ed upon the 
surface of the silica gel support particles. The supported catalyst complex has an activity sufficient for use 
as a high pressure and/or high temperature polymerization catalyst for olefins. 

It has been found that the catalyst complex of this invention exhibits a low settling rate and thereby can 

25 be successfully fed through a high pressure pump of the reactor without clogging it. Further, the molecular 
weight of the desired polymeric product can be controlled when the catalyst complex of this invention is 
employed by merely monitoring the temperature in the reactor. 



30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is directed towards a supported catalyst system for use in the high pressure 
and/or high temperature polymerization of olefins, particularly the polymerization of ethylene to high 
molecular weight polyethylenes such as linear low density polyethylene (LLDPE). high density polyethyl n 

35 (HDPE). very low density polyethylene (VLDPE) and lower molecular weight materials such as polyethylen 
waxes. The polymers so produced are intended for fabrication into articles by extrusion, injection molding, 
thermoforming, rotational molding, and the like. 

The active catalyst complex comprises a metallocene and an alumoxane formed onto the surfac of a 
silica gel support materia). Alumoxanes are oligomeric aluminum compounds represented by the general 

-40 formula (R-Ai-0>y which is t>elieved to be a cyclic compound and R(R-AI-0-)yAIR2 which is a linear 
- compound. In the general formula. "R" is a Ci-Cio alkyi group siich as, for example, methyl, ethyl, propyl, 
butyl, and pentyl and "y" is an integer from 2 to atx)ut 30 and represents the degree of oligomerization of 
the alumoxane. Preferably. "R" is methyl and "y" is about 4 to at»out 25 and most preferably 6-25. 

Generally, in the preparation of alumoxanes from, for example, the reaction of aluminum trimethyl and 

45 water, a mixture of linear and cyclic compounds is obtained. Generally, an alumoxane having a higher 
degree of oligomerization will, for a given metallocene. produce a catalyst complex of higher activity than 
will an alumoxane having a lower degree of oligomerization. Hence, the procedure by which alumoxane is 
produced by direct reaction of an aluminum trialkyi with an undehydrated silica gel shoukj insure the 
conversion of the bulk quantity of the aluminum trialkyi to an alumoxane having a high degree of 

50 oligomerization. In accordance with this invention the desired degree of oligomerization is obtained by the 
order of addition of reactants as described hereinafter. 

The metallocene may be any of the organometallic coordination compounds obtained as a cydopen- 
ladienyl derivative of a transition metal. Metallocenes which are useful for prepanng an active catalytic 
compi X according to the process of this invention are th mono-, bi- and tri- cyclopentadienyl or 

55 substituted cyclopentadienyl m tal compounds and most preferably, bi-cyclop ntadienyl compounds. The 
m tallocen s particularly useful in this inv ntion are represented by th general formulas; 
I. (CpUMRJ<, 

wh rein Cp is a cyclopentadienyl ring. M is a Group 4b or 5b transition metal and preferably a Group 4b 



EP 0 361 866 A1 



transition metal ( Periodic Table CPS Handbook of Chem.stry and PhysjEi- Z^^^'' '^"T'?^;, 
Cleveland. Ohio 4aitridioJ^is— ydFS^iFbTTgro.D or hydrocarboxy group havH^ n^m , ^-O 20 carbon 
atoms. X .3 a halogen, and "m" is a whole number from 1 to 3. "n" ,s a whole number form 0 to 3. and . q 
is a whole number from 0 to 3, 
II. (CsR ..),n\(CsR OMQa-g. and 

ILe.rfi^^ols'i^clopentadieny. or substituted cyclopentadienyl. each R is the same or diHerent and 
Ts rd"oi?n or a hydLaSyl radicL such as alky., alkeny.. ary.. alkylaryl. or a«yU^kyl rad.cals^ta.nK»g 
^om iTao^n atoms, a s,Ucon-conta.ning hydrocarby. radical, or a hydrocart,yl radical -va^re-n two 

cZ^n lms^e^.ned togemer to form a C.-C. ring. P" is C.-C, ^^^^^'^^"^'^l^^f^X:^J^^ 
s^ne or an alkyi phosph.ne or amine radical bridging two (CP .) rings. Q .s a hydrocarby radical such 
^kyl. alkenyl. alkylaryl. or arylalky. having 1-20 carbor, atoms, ^y:'^^^^^^^*^'"^ Vio 
Sr^n atoris or halogen and can be the same or different. Q is an ^'^^''^T:TZn^^. ^^ 
aboul^O carbon atoms, "s* is 0 or 1. "g" is 0. 1 or 2: when "g" is 0. s .s 0: "k" .s 4 when s .s 1 and k 
IS S when s is 0 and M is as defined above. :,«K.rf„i h«r.t«i 

Exemolary hydrocarbyl radicals are methyl, ethyl, propyl, butyl, amyl. isoamyl. hexy . '^o'''^'- l-JP^- 
octyrLyr^eil. cety. 2^thylhexyl. phenyl, and the like. Exemplary ^'^^T^"^' 
Xene. ^opytene. and the like. Exemplary halogen atoms include chtonno '^'^'ZUTZ^ 
th^ hak^ atoms, chtorine is preferred. Exemplary of the alkylidene radicals is methylidene. ethylidene 

"^'STe metailocenes. zirconocenes. hafnocenes and titanocenes are most preferred. '""^J^^^.^ 
limiting examp.es of these metallocenes which can be usefully employed «i ^'^f^;^^*''^^^ 
are monocyclopentadienyl titanocenes such as. cyclopentadienyl trtamum tnchlonde. P«"^«**2^^'°P^" 
Udienyl titanium tnchloride: bis(cyclopentadienyl, Utanium diphenyl; the carbene Tl^^Jt yc^lS^Hl 
CpaTiIcH, • AKCHofeCI and derivatives of this reagent such_as Cp,Ti = CH, • <^^y'^"*^; 
substituted cylopentadienyl radical, and R is an alkyl. aryl. or alkylaryl '^'l"" ^"^J^l^^^, 
atoms: substituted bis(Cp)T.(IV) compounds such as bis(indenyl)titanium ^"l'' ° 
(metnyicyclopentadienyOtitanium diphenyl or dihalides and other dihal.de ^^^"'f^^- 
alky. \nl penta-a.ky. cyclopentadienyl titanium compounds such as f <^-2-<;-««;y'2:^'«^^^^ 
tJium dipheny. or dich.oride. bisd .2-diethy.cyc.opentadieny.)r. diphenyl or dichtonde ^ '^J^^;^;, 
complexes: siiicone. phosph.ne. amine or carbon bridged cyclopentadiene J; J'^^^^X 
silyldicyciopentadienyl titanium diphenyl or dichloride. methylenedicydopemadienyl titanium diphenyl or 
dichloride and other dihalide complexes and the like. ^ „„ ^„ni«„Bd in accor- 

lllustrative but non-limiting examples of the zirconocenes which can be usefully 
danceTth this invention are. Cyclopentadienyl zirconium trichloride, ^^^y^''^''^' ^^fXl 
trichlonde. bis(cyclopentadienyl)z.rconium diphenyl. bis(cyclopentadienyl)z.rco™urn d^^ 
substituted cyclopentadienes. such as bis(ethyl cyclopentad.enyl arconium Ametijy ^^^-^hTlSe 
proplycyclopentadienyDzirconium dimethyl. bis(methylcyclopentadienyl)z.rcor,ium dimetiiyl. a^ AhaMe 
cornplexes of the above: di-aikyl. tri-alkyl. tetra-alkyl. and penta-alkyi cyctopentadienes. such as tos 
(pentamethyteyclopentadienyDzirconium di",ethyl. bis(1.2-dimethyk:yclopen«dienyl)ar<»nH^^^^^ 
(l^-diethylcyclopentadienyDzirconium dimethyl and dihalide complexes of the above: » ^^^'Jf^^ 
and carbon bridged cyclopentadiene complexes such as dimethylsily.dicyciopentad.enyl «ra,jm d^^^^ 
or dihalide. metSy.phosphine dicydopentadienyl zirconium dimethyl or dihalide. and ^^lT;,^^Z 
tadieny. zirconium dimethyl or dihalide. carbenes represented by the formulae Cp2Zr«CHjP(CH,h^.»,. 
and derivatives of these compounds such as CpjZrCHjCH(CHa)CH2. ^ ./,.w<.h,oentadlenvl>- 

Bis(cyclopentadienvl)hafnium dich.oride. bis(cyclopentadienyl)hafn.um dimethyl. bis(cyclopentad.eny ^ 
vanadium dichloride and ttie like are illustrative of other metallocenes. ^rronium will 

Generally the use of a metallocene which comprises a bis(substituted ^"^^"^""l^^^enyi 
provide a catalyst complex of higher activity than a corresponding titanocene or a '^JJ^^"^^^ i 
meta. compound. Hence b.s(suOstituted cyciopentadieny.) zirconium compounds are preferred tor 

'''^ HeleloToreme alumoxane component of the active catalyst complex for systems ^^j;^'^^;^^*^"^. 
of Olefins has be n separately prepared then added as such to ^''^'^^^ ^"^"^Tt for 
; treated with a m taltocen to form the active catalyst comp. x. On P'^f'*""' .^^^f^^* ^a^^olution 
preoaring the alumoxane s para.e.y .s that of contacting water in the form of a ^^^^ric 
of aluminum trialky. in a suitable organic solvent such as benzen . toluene or "^^l^'^f'^^^^^i.^^v^e 
hydrocarbon. As befor noted this oroceoure .s anendant w.th fire and exptos.on hazards which requ 
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us of exptosion-proof oquipm nt and carefully controlled r action conditions. In an art mative method 
heretofore employed for the separate production of alumoxan . an aluminum alkyi is contacted with a 
hydrated saJt. such as hydrated copper sulfate. The method ccmprised treating a dilute solution of 
aluminum alkyI in, for example, toluene, with a copper sulfate pentahydrate. A slow, controlled hydrolysis of 
5 the aluminum alkyI to alumoxane r suits which substantially eliminat s th fire and explosion hazard but 
with the disadvantage of the cr ation of hazardous waste products that must bo disposed of and from which 
the aiumoxan must be separated before it is suitable for use in the production of an active catalyst 
complex. Separate production of the alumoxane component by either procedure is time consumir>g and 
costly. Correspondingly, the use of a separately produced .^umoxane greatly increases the cost of 
to producing a metaltocene alumoxane catalyst. 

In accordance with the present invention the alumoxane component of the catalyst complex is prepared 
by direct reaction of an aluminum irialkyl with the material utilized as the catalyst support, namely an 
undehydrated silica gel. Silica useful as the catalyst support is that which has an average particle size less 
than atx^ut lOu. and preferably from atx>ut 0.1 to about lO.Ou. most preferably from about 4 to about 8u. 
;5 (lu =-lO"*m). a surface area in the range of about 10 to about 700 m^/g. preferably atx)ut 100-500 and 
desirably about 200-400 m^/g, a pore volume of atxjut 3 to about 0.5 cc/g and preferably 2-1 cc/g. and an 
adsorbed water content of from about 5 to about 20 weight percent preferably from about 8 to about 15 
weight percent. The term "undehydrated silica-gel" is used herein not only to indicate silica gel which 
contains a level of water as may be obtained by the adsorption of water vapour by silica in its usual 

20 manufacturing and handling process but also, of course, silica gels with comparable levels of water 
adsorption in which the water content has been raised or lowered to a desired level by an additional drying 
or water adsorption step. Hereafter and including the claims, silica having the above identified properties is 
referred collectively to as "undehydrated silica gel". 

Undehydrate silica gel. as defined above, is added over time, about a few minutes, to a stirred solution 

25 of aluminum trialkyl, preferably trimethyl aluminum or triethyl aluminum, in an amount suffident to provide a 
mole ratio of aluminum trialkyl to water of from about 0.5 to 1.5. preferably about 0.8 to 1.2. The solvents 
used in the preparation of the catalyst system are inert hydrocarbons, in particular a hydrocart)on that is 
inert with respect to the catalyst system. Such solvents are well known and include, for example, isobutan , 
b utane, pentane. hexane. heotane, octane, cyclohexane, methylcyclohexane. toluene, xylene and the like. 

30 however the aliphatic solvents are preferred. Each aikyi group in the aluminum trialkyl preferably contains 1 
to 6 carbon atoms. Examples of aluminum trialkyl suitable for use are tripropyl aluminum, tri-n-butyl 
aluminum, tri-isobutyl aluminum. tri(2-methylpentyl) aluminum, trihexyl aluminum. Also suitable, although 
less preferred, aluminum triatkyts are tri-n-octyl aluminum and tri-n-decyl aluminum. 

Upon addition of the undehydrate silica gel to the solution of aluminum trialkyl. the water content of the 

35 silica gel controllably reacts with the aluminum trialkyl to produce an alumoxane which is deposited onto the 
surface of the silica gel particles. Although the reaction of the aluminum trialkyl with the water content of the 
silica gel proceeds relatively quickly (generally within about 5 minutes), it does not occur with the expk>siv 
quickness of that which occurs with free water. The reaction may be safely conducted in conventional 
mixing equipment under a mantle of inert gas. 

^ Thereafter a metallocene is added to the stirred sus(:>ension of alumoxane silica get product in an 
amount sufficient to provide a mole ratio of aluminum to transition metal of from about 1000 to about 1. 
preferably from about 500 to about 10* and most preferably from about 100 to about 20. The mixture is 
stirred for about 30 minutes to about one hour at ambient or an elevated temperature of atx^ut 75 C to 
permit the metallocene to undergo complete complexing reaction with the adsort)ed alumoxane. 

^5 Following tfie addition of the metallccene to the alumoxane adsorbed on the silica gel solids, the solvent 
is removed by filtering or evaporation, and the residual solids are dried to a free-flowing powder. Drying can 
be accomplished by any means known in the art. The free flowing powder comprises a silica gel supported 
metallocene alumoxane catalyst complex. The average panicle size of the free flowing powder is less than 
lOu. The dried composition exhibits a high level of catalytic activity useful for high pressure and'or high 

50 temperature olefin polymerizations. 

The order of addition between the undehydrate silica gel and the aluminum trialkyl is important with 
regards to the activity of the supported catalyst which results upon addition of the metallocene. A supported 
catalyst composition of poor activity results wherein an aluminum trialkyl is added to a stirred solv nt 
suspension of undehydrated silica gel. It has been found that to prepare a supported catalyst composition 

55 of acceptable or high activity the order of mixing must be one wherein the undehydrated silica gel is added 
to a stirred solution of the aluminum trialkyl. It is beli ved that this order of mixing forces th aluminum 
Irialkyl to undergo r action in th com xt of a transient localized exc ss of aluminum trialkyl compared to a 
transient localized deficiency of water. Under a mixing condition which slowly adds undehydrated silica gel 
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_ ^ , , ^„ ,--4 in,o th vial. Polymerization of the ethylene was allowed to 

TabI I. 

TABLE I 



TO 



IS 



CATALYST TEST RESULT 


Catalyst 


Pressure*^ 


Amount 


(psig) 


Polyethylene 






Formed, g 


Example t 


0 


2.2 


2 


0 


2.1 


3 


0 


2.0 


3 


5 


3.3 


4 


5 


1.5 


5 


5 


1.6 


6 


5 


1.0 



20 



Example 7 



The procedure of Example 4 was followed with the exception that SO g undehydrated s.l^ ge^ 
(CroSeVS^emrcals HP.34 v^th average particle s.ze of 4.0a) which contains 8^ -9Ntperoant water w^ 
;hh«<i 1.25 a of fn-BuCpbZrCI, dissolved In i20 ml hepune was reacted w,th 5 ml 



30 



35 



4C 



added and 1.25 g of (n-BuCpfeZrCIt ^ « 

trimethylaluminum/heptane solution (1.6 M) before it was added into the flask. 

Catalyst Test B 

The activity of the catalyst of Example 7 was determined in a 1000 rn. f ee^futodave ;«;^<'; J^^J 
wh.ch was equipped to perform continuous polymenzation at pressure up to 36.000 ps. 
To sSo'c ^e ruction system was supplied w.,h a thermalcouple and 1^^^ 
emS^ratu re and pressure continuously, and w,th means to supply continuously P""f^^J=^^^ 
etTyC" hydrogen, and l-butene. Equipment for continuously ^"^^ 1^;^^ X^^^^ 
solution and eqJpmem for rapidly venting and quenching the reaction and Tmolar 
were also a part of the reaction system. In this Example. ^^^^^"^^^T^,^^^ 
ratio of ethylene to l-twtene of 1.8 without the addition of a solvent In m.s ^^""-^f^^^^^,^ of 
de^ed reactor con,a.ning emylene and 1-butene was equilibrated at f^^^ '^^^'^ ^'^'^^^ 
l5)- C. The catalyst solution was prepared by mixing 102 g of solid catalyst w.th ^ 
and 0.5 liter of 2 wt% methylalt^moxane in toluene solution^ This caulyst f^'"^^" "^e^ C 
high pressure pump into the reactor at a rate of 540 ml/hour -•^'^/^""f '^^^ '^T « of 
the reactor. During this run. ethylene and l-butene were P^*'*";*** ^'^"^^^^^^^^^ yield of 

19.000 psi at a mass flow rate of 36.2 kg/hour. The reactor contents were sttrred ^'J^^J^ n^ecuiBr 
polymer product was 3.2 kg/hour of an ethylene-i-butene copolymer whM:h had weight average moiecu 
weight of 46.900. a polydispersity of 2.3 and a density of 0.9190 g/ml. 

Claims 

,. A supported metallocene alumoxane catalyst complex for the polymerization of olefins under high 

pressur . produced by: ,o.. to a stirred solution of an 

(a) adding a undehydrated silica gel having a particle s.ze I ss than '0*^ » '^"I^ !?„om 0 5 to 
aluminurn trialkyi in an amount sufficient to provide a mole ratio of aluminum tnalkyl tQ.water<,f from 
1 .5 and allowing the mixture to react 
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15 



(b) adding a meiallocene to the reacted mixtur : 

(c) removing th solvent; and 

wM.r conle-t oHrom 5 to 20 -oight c«c».t and th. mow .«» of aluT,»um Inalkyl .o water .n.m 0., ^ 

■° ' 's. T^o =3ta„s, acco-oln, to «.y «l the otoceOin, cu»m,^, °' '° 
transit^n metat .n saw motattocon, « "J ,Ha,u,. is <^<^^ 

6 The catalyst according to any of the preceding ciaims, wn«f«. 

''''TZ°'^::^"sl^^::^Z\o any C.the preceding c.aia,s. wherein s^d .ndehydrated siHca ge. has a 

surface area of from 200 to 400 mVg. a pore ^'"["^ °' ' *° metallocene is selected from th 

a The catalyst according to any of the preceding claims, wherein said meia. 

(b) C5R'i.)oR\(CsR OMQjH,; and 

(c) R",(CsR ii)2MQ . . . ^ ^ .^lonontariianvl each R is the same or diHerent and 
wherein (CR .) is a cyCocentadienyl or ^-^^'^'^'^J^^^^''^^^^^^ silicon-containing hydrocarbyl 

« is hydrogen or a hydrocart^yl radical conta-nrng^m ' ^ ^0 ca^^n a^oms^a ^ .^^ ^. 

radical, or a hydrocarbyl radical wherein two """^^f^^Jl^^^^^^^ or amine radical bridging two 
C.-C. alkylene radical, a dialkyi gem^anium or sil^one^cr an a^^^^ ^^.^^ ^^^^^ ,.20 

(CR'O nngs. Q is a hydrocarbyl -^--1 hav'"9 ^;^^TSVT^^Z.ns radical having from 1 to 20 

. ;rbrn r r; ; g -sTt^r ^hTg rsTo; . is . when s is , and ^ is S When s is 0 and M 

is as defined above. ic ^rimnnncene hafnocene or titanocene. 

of cyciopentadienyl zirconium trichlonde: 
35 pentameihylcyciopentadieny* zirconiurn tnchlonde; 

bis(cyclopentadienyl)zirconium diphenyl; ^„^l^r^«nt^^rtiRnas and their dihalide complex s; 

phosphorus, and carbon bridged cyclopentadiene complexes. 
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